INTRODUCTION
Hydrocephalus is a build-up of cerebrospinal fluid within the brain ventricles. It results from disturbance of production, flow or absorption of cerebrospinal fluid (CSF) resulting in increase pressure within the brain ventricles or subarachnoid space (Toma, 2018) . Hydrocephalus is called obstructive/non-communicating when caused by blockage of CSF flow in the ventricular system but when caused by inadequate reabsorption of CSF is called non-obstructive/communicating hydrocephalus. Old adults can primarily affected by a form of hydrocephalus called normal pressure hydrocephalus; despite the excess fluid, cerebrospinal fluid pressure is often within normal range (Sivagnanam and Jha, 2012; Nassar and Lippa, 2016) .
Non-communicating and communicating hydrocephalus were associated with elevated intracranial pressure, which is responsible for the similar symptoms in both types. However, symptoms may vary slightly depending on the type of hydrocephalus, age of onset and severity (Sivagnanam and Jha, 2012) .
International incidence of adult hydrocephalus is unknown. Nearly 100,000 shunts are implanted each year in the developed countries for all age groups of patients, but little information is available for other countries (Nelson, 2016) . Also, between 3000 and 3500 shunt operations are performed in United Kingdom yearly, affecting a wide range of patients with both congenital and acquired hydrocephalus (Jenkinson et al., 2014) . During 2015, 40 shunt operations are performed for patients with adult hydrocephalus in neurosurgery department atShunting procedure is the treatment of choice to equalize pressure, minimize/prevent brain damage as a result of increased intracranial pressure and reduce manifestations of neurological deterioration. The most common type of shunt is ventriculoperitoneal shunt; catheter is inserted into brain ventricle, which is connected to valve and a long catheter which diverts cerebrospinal fluid to the peritoneal cavity where it reabsorbed (Sotelo, 2012) .
Regardless the high rate of ventriculoperitoneal shunt complications, it stills the mainstay of management for hydrocephalus. Shunt malfunction, shunt infection, over drainage, under drainage, peritonitis, hernia, lost distal catheter, bowel perforation and subdural hematoma all are complications of ventriculoperitoneal shunt (Rinker et al., 2015) .
Thorough assessment of health history, clinical presentations, neurological status and vital signs is the responsibility of the nurse. Nurses should be alert to any changes in patient`s physical and cognitive functions, check patient`s skin for redness along shunt site, implement seizure precautions, minimize stimuli and provide privacy. Nurses need to monitor the patient for any shunt complications. If any complications occur, nurses need to act immediately because delayed response can have dire consequences for the patient (Parsons et al., 2016; Ferguson et al., 2007) .
Shunt complications can occur any time. So, patient should be informed with shunt complications and with manifestations that indicate occurrence of these complications including redness, tenderness, pain or swelling of the skin along the length of the tube or incision, irritability, drowsiness, nausea, vomiting, headache, double vision, fever, abdominal pain or return of preoperative neurological symptoms. Stress the importance of reporting any complications/ symptoms that may occur after discharge to nurses or neurosurgeons to receive prompt and early management (Anderson and Chumas, 2012) .
Ventriculoperitoneal shunt complications usually require another operation to make a surgical revision of the shunt. Depending on the cause of the complications, some or all of the components of the shunt will be replaced. In the event of infection, the patient is given a course of antibiotic and the entire shunt is replaced (Khan et al., 2015) .
Because of hydrocephalus is an ongoing condition, short and long-term care is required. Physical training exercises considered the important part of the rehabilitation process. However, recovery may be limited by the extent to which damage caused by the hydrocephalus and brain ability to heal. Follow-up diagnostic tests including computed tomography scan, magnetic resonance imaging and X-ray, are helpful in determining if the ventriculoperitoneal shunt is working properly (Lehnert et al., 2011; Chen et al., 2009 ).
So, we conducted this study to enhance clinical outcomes for those patients; improve gait, cognitive function, and quality of life and reduce or prevent complications/clinical presentations.
AIM OF THE STUDY
Evaluate the impact of nursing management on outcomes of patients with adult hydrocephalus treated by ventriculoperitoneal shunt.
Research Hypothesis
Group "B1" will show significant improvements in gait, cognitive function, and quality of life and presented with fewer or no clinical presentations/complications than group "A1".
PATIENTS AND METHODS
Randomized controlled trial research design was used to conduct our study. A random sample of 74 adult male and female patients through a period of 2 years, their age ranged from 18-65 years, newly diagnosed with adult hydrocephalus and planned for treatment with ventriculoperitoneal shunt in neurosurgery department at Assiut Neurological, Psychiatric and Neurosurgery University Hospital. Randomly, there were 2 groups of patients "A1" and "B1" [single number ꞊ group "A1" and double number ꞊ group "B1"]. Unconscious patients, patients with surgical procedures other than ventriculoperitoneal shunt or those with previous history of ventriculoperitoneal shunt were excluded. Group "A1" received the routine care provided by hospital while group "B1" received the routine care in addition to nursing care, instructions, and lower extremity strength and balance exercises by researchers. Both groups were followed up for 6 months.
Flow diagram of patients recruitment

Tools
Tool I: Assessment sheet for patients with adult hydrocephalus planned for treatment with ventriculoperitoneal shunt
We developed patients` assessment sheet to assess patients' demographic data, Glasgow Coma Scale (Teasdale and Jennette, 1974) One score was given for each correct answer. Total score (32) . Unsatisfactory level (less than 60%). Satisfactory level (60% and above).
Tool III: Japanese Normal Pressure Hydrocephalus Grading Scale
It was developed by (Kubo et al., 2008) to classify a triad of disorders (gait disturbance, cognitive impairment and urinary disturbance) of It was developed by (Ware and Sherbourne, 1992 ) to measure quality of life. Arabic version was used in this study (Al Abdulmohsin et al., 1997) . A scale from 0-100 was using to score questions, high score indicate improved outcome.
Tool V: Instructions and exercises logbook
It was developed by researchers and consisted of instructions page and exercises page for each week over 12 weeks. Self-reported adherence of patients in the form of complete adherence = 2, partial adherence = 1 and non-adherence = 0.
Teaching Booklet for Patients
Our teaching booklet consisted of Arabic information. In designing the information of our booklet we were guided by other similar booklets from University Hospital -Illustrated description of ventriculoperitoneal shunt procedure.
-Information regarding preparations prior to ventriculoperitoneal shunt procedure.
-Complications and clinical manifestations of malfunctioning shunt.
-Postoperative information about:
 Lower extremity strength and balance exercises with illustrated photos.  Standardized physical training instructions to enable patients to train by their own.  Directions to the location of facility and contact information.
The local ethical committee was given us official approval to conduct our study. Also, patients were given us informed consent after explaining our study aim.
Three experts from 2 departments (1 medicalsurgical nursing and 2 neurosurgery staff) were engaged to review validity of the content; our study tools and teaching booklet. They were valid and reliable; Cronbach's alpha coefficient was used to assess reliability (0.84). Pilot study was done on (10%) of patients from each group. No changes done, so those patients were included in our study.
Patients meeting inclusion criteria were visited immediately by researchers after admission. Researchers explained to the patients the aim of the study and asked the patients if they want to participate in the study or not. Patient who refused participation in our study was excluded.
During preoperative period both groups were assessed for their clinical presentations, neurological status, personal habits, comorbidities, any medications taken, diagnostic studies, history of head trauma and previous neurosurgery. Also, patients were assessed for their knowledge about adult hydrocephalus and ventriculoperitoneal shunt.
Group "A1" received the routine preoperative care and instructions provided by hospital while group "B1" received the routine preoperative care and instructions in addition to instructions by researchers (teaching booklet). Researchers explained to patients of group "B1" and their caregivers the meaning of adult hydrocephalus, causes, types, clinical manifestations, diagnosis and complications. Also, researchers explained the meaning of ventriculoperitoneal shunt, its shape, function, complications and signs and symptoms of shunt malfunction. In addition, researchers explained information concerning postoperative medications, incision care, care of shunt at home, activity, rest, sleep, bathing, driving, return to work, and physical training exercises. Follow up appointments were discussed to confirm that ventriculoperitoneal
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shunt functioning properly and for the purpose of monitoring patients` prognosis.
During postoperative period, group "A1" received the routine care and instructions provided by hospital while group "B1" received the routine care and instructions in addition to care and instructions by researchers. Nursing management aimed to reduce anxiety, relieve postoperative pain, maintain patient`s safety, prevent/reduce potential complications, improve gait and cognitive abilities, promote home care and improve quality of life.
Postoperative care provided by researchers: patients placed on the unaffected side; head turned off from the incision site. Some patients placed on the back with the head of the bed elevated 30 degrees to attenuate fast drainage of cerebrospinal fluid. In addition to prescribed analgesic, proper positioning aid in relieving postoperative pain.
Clinical presentations of increased intracranial pressure were monitored to rule out shunt failure. Vital signs and neurological status were monitored, dressings over the shunt sites were inspected, and wound care was performed following aseptic technique. Incision sites were inspected for any manifestations of infection or for drainage. Patients` abdomens were assessed for any manifestations of ileus. Ventriculoperitoneal shunt valve pumped only when recommended by the neurosurgeons [applied pressure to the valve (specific reservoir site) to ensure effective functioning]. The skin along the length of the tube was observed. Patients were observed for signs and symptoms of shunt malfunction. Any unusual signs and symptoms notified to neurosurgeons immediately and appropriate actions were taken.
Patients were encouraged to ambulate early and gradually with minimal physical assistance provided by researchers during first postoperative day. Lower extremity strength and balance exercises were explained to patients and their caregivers with illustrated photos (teaching booklet) and patients trained to perform it under supervision of researchers during postoperative period. These exercises aimed to increase lower extremity strength to assist with mobility, maintain balance and prevent falling.
Lower extremity strength and balance exercises included heel raises, squats, seated marching, knee extension and knee to chest. Lower extremity strength and balance exercises were done and increasing gradually as tolerated. Patients were informed about the importance of quality rather than quantity when performing these exercises. Lower extremity strength and balance exercises were recommended for home physical training for 12 weeks. Patients were trained by researchers to do these exercises by their own in addition to standardized physical training instructions presented in the teaching booklet to enable them to train by their own.
In addition to lower extremity strength and balance exercises, gait training with walker was performed for patients with gait disturbances and unable to walk independently. Distance walked was initiated at 50 feet with minimal physical assistance provided. Distance walked was increased gradually and as tolerated.
Patients and their caregivers were educated and trained through 6 sessions. Two sessions concerning knowledge about adult hydrocephalus and ventriculoperitoneal shunt. Each session lasted 1 hour. Four exercises training sessions concerning lower extremity strength and balance exercises. Each session lasted 1 hour. Knowledge and symptoms of both groups "A1" and "B1" were evaluated before discharge. Patients were followed up in neurosurgery outpatient clinic and by phone to follow their progression, early detection of complications and ensure continuity of home physical training exercises. Lower extremity strength and balance exercises were done by patients of group "B1" at home under supervision of their caregivers (each exercise repeated 10 times). Exercises were done twice a week for 1 hour through 12 weeks. The design of the instructions and exercises logbook enabled patients of group "B1" to rate their weekly notes regarding their adherence to instructions and exercises. Self-reported adherence to instructions and activities was reported to researchers every week for a period of 12 weeks by phone or attendance of patient to neurosurgery outpatient clinic. Some patients reported clinical manifestations indicate shunt malfunction/ shunt infection by phone, researchers advised them to go to hospital immediately and they observed by researchers and received appropriate management (shunt revision and antibiotic). Postoperative complications were assessed for all patients during hospitalization and for 6 months period. After 6 months all patients [groups "A1"
and "B1"] were presented at outpatient clinic of neurosurgery to reevaluate their knowledge, clinical presentations and Japanese Normal Pressure Hydrocephalus Grading Scale. Quality of life was assessed after 6 months. Complications were assessed immediately postoperative and through a period of 6 months.
STATISTICAL ANALYSIS
The data were tested for normality using the Anderson-Darling test and for homogeneity variances prior to further statistical analysis. Categorical variables were described by number and percent while continuous variables described by mean and standard deviation. We compared between categorical variables using Chi-square test and fisher exact test. We compared between continuous variables using ttest and Mann-Whitney test. Kruskal-Wallis test was used to determine if there are statistical significant differences between two or more groups of an independent variable on a continuous or ordinal dependent variable. P value of < 0.05 was considered statistically significant. Statistical analysis was performed with the IBM SPSS 20.0 software.
RESULTS
Groups "A1" and "B1" were matched and nonstatistical significant differences were found between the two groups regarding any of the demographic characteristics or baseline assessment except for length of hospital stay.
Twenty-three (62.2%) of group "A1" and 21 (56.8%) of group "B1" were males. The mean age was (42.16±17.01 years) for group "A1" and (41.86±17.59 years) for group "B1". The mean postoperative length of hospital stay for groups "A1" and "B1" was 7.78±4.08 and 6±3.34 days respectively with statistical significant difference (p. value 0.043). More than half of patients of both groups diagnosed with idiopathic normal pressure hydrocephalus followed by idiopathic and then communicating type. Two (5.4%) patients from each group were having diabetes mellitus and 1 patient (2.7%) of group "A1" and 3 (8.1%) of group "B1" were having hypertension. The mean Glasgow Coma Scale for groups "A1" and "B1" was 14.89±0.84 and 14.95±0.81 respectively. Non-statistical significant differences were found between the two groups of patients regarding age, sex, type of hydrocephalus, comorbidities, Grading Scale of Japanese Normal Pressure Hydrocephalus and Glasgow Coma Scale at the baseline assessment (p. value 0.941, 0.636, 0.599, 0.588, 0.947, 0.780) respectively.
Non-statistical significant differences were found between both groups of patients regarding clinical presentations preoperative (baseline assessment), postoperative (before discharge) and during follow up (after 6 months) except for nausea; statistical significant difference (p. value 0.03) was found between groups "A1" and "B1" regarding nausea during follow up (Table 1 ). Figure1. Unsatisfactory level of knowledge had found at assessment in groups "A1" and "B1". Our results illustrated highly statistical significant difference (P. value <0.001) between total mean score of patients' knowledge (groups "A1" and "B1") before discharge and after 6 months. All patients of group "A1" had unsatisfactory level of knowledge before discharge and after 6 months. The majority of patients of group "B1" had satisfactory level of knowledge before discharge and after 6 months.
Table1. Clinical presentations of the studied groups
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Figure1. The mean of patients` knowledge of groups "A1" and "B1" during assessment, before discharge and at the end of follow up
Statistical significant differences were found between total score of Japanese Normal Pressure Hydrocephalus Grading Scale (groups "A1" and "B1") during postoperative (before discharge) and follow up periods (P. value 0.040, 0.019) respectively. Group "B1" showed significant improvements in gait and cognitive function before discharge and at the end of follow up (after 6 months) ( Table 2 ).
Table2. Grading Scale of Japanese Normal Pressure Hydrocephalus of studied groups
Grading Scale of Japanese Normal Pressure Hydrocephalus
Group "A1" (n=37) Our study results found statistical significant difference between groups "A1" and "B1" regarding postoperative complications (p. value 0.035). Postoperative complications were found in 22 (59.5%) of group "A1" and 12 (32.4%) of group "B1". Statistical significant relation was found between wound infection and shunt infection in groups "A1" and "B1"; patients who suffered from wound infection also suffered from shunt infection (p. value <0.001, 0.002 respectively).
Our study results found statistical significant difference between groups "A1" and "B1" regarding wound infection and shunt infection (p. value 0.022). Two (5.4%) patients of group "A1" suffered from over drainage combined with subdural hematoma and 1 (2.7%) patient of group "B1" suffered from over drainage combined with subdural hematoma. Non-statistical significant differences were found between groups "A1" and "B1" regarding shunt malfunction caused by shunt obstruction, over drainage, under drainage, CSF ascites, lost distal catheters, subdural Highly statistical significant difference (p. value <0.001) between groups "A1" and "B1" was found regarding the means of the physical and mental components of the short form 36 items questionnaire after 6 months (Table 3) . 
Table3. Comparison between studied groups according to quality of life components after 6 months
Figure2. Health changes of groups "A1" and "B1" after 6 months
Our study results showed non-statistical significant relations between patients` ages (groups "A1" and "B1") and physical (p. value 0.315, 0.324) and mental (p. value 0.365, 0.542) components scores of the short form 36 items questionnaire respectively. Also, non-statistical significant relation was found as regard health comparison question (0.167, 0.419) respectively. Our study results showed non-statistical significant relations between types of hydrocephalus (groups "A1" and "B1") and physical (p. value 0.332, 0.185) and mental (p. value 0.758, 0.373) components scores of the short form 36 items questionnaire respectively. Also, non-statistical significant relation was found as regard health comparison question (0.816, 0.148) respectively.
Our study results showed non-statistical significant relations between comorbidities (groups "A1" and "B1") and physical (p. value 0.819, 0.808) and mental (p. value 0.871, 0.834) components scores of the short form 36 items questionnaire respectively. Also, non-statistical significant relation was found as regard health comparison question (0.608, 0.754) respectively.
We found highly statistical significant relation in both groups of patients between postoperative complications and the physical and mental components plus health comparison question of the short form 36 items questionnaire (p. value <0.001). Figure 3 . Illustrated that twenty two (59.5%) patients of group "B1" completely adhere to instructions and 15 (40.5%) patients partially adhere to instructions. More than two-third 26 (70.27%) of patients of group "B1" completely adhere to lower extremity strength and balance exercises and 11(29.7%) patients partially adhere to lower extremity strength and balance exercises.
Figure3. Adherence of patients of group "B1" to instructions and lower extremity strength and balance exercises
We found highly statistical significant relations between complete adherence to exercises and the physical and mental components plus health comparison question of the short form 36 items questionnaire. Also, our results found statistical significant relations between complete adherence to instructions and physical and mental components plus health comparison question of the short form 36 items questionnaire (Table 4 ). Highly statistical significant relation was found between total score of Grading Scale of Japanese Normal Pressure Hydrocephalus and complete adherence to exercises (gait improvement). Statistical significant relation was found between gait improvement and complete adherence to instructions (Table 5 ). 
Table4. Relationship between quality of life components and adherence to exercises and instructions after 6 months for group "B1"
Quality of life components
Exercises
Table5. Relationship between Grading Scale of Japanese Normal Pressure Hydrocephalus and adherence to exercises and instructions after 6 months for group "B1"
DISCUSSION
Our study provided data about impact of nursing management on short-term prognosis of patients after insertion of ventriculoperitoneal shunt to treat adult hydrocephalus.
In our study, more than half of patients in groups ("A1 and "B1") were males, diagnosed with idopathic normal pressure hydrocephalus with mean age 38.52±15.84 years of group "A1" and 42.16±17.01 years of group "B1".
This similar to study conducted on 227 adult patients diagnosed with hydrocephalus and treated by ventriculoperitoneal shunt with mean age 45.8 years and more than half of them were males (Anderson and Chumas, 2012) . The most common type of adult hydrocephalus is the idopathic normal pressure hydrocephalus (Williams and Malm, 2016) .
Clinical improvement was observed in the majority of patients as regarding clinical manifestations (vomiting, headache, nausea, seizures, blurred vision, irritability and difficult in waking up) during the first postoperative days after insertion of ventriculoperitoneal shunt. During follow up period, some patients reported some of these manifestations.
This early improvement showed the effect of ventriculoperitoneal shunt; equalize pressure of CSF and minimize/prevent manifestations of increased intracranial pressure (Sotelo, 2012) . All symptoms of idiopathic normal pressure hydrocephalus can improve after ventriculoperitoneal shunt (Williams and Malm, 2016) .
Some patients may experience temporary improvement.
The success rate of ventriculoperitoneal shunt varies from patient to patient. Some patients recover completely after ventriculoperitoneal shunt insertion and have a good quality of life. Also, early diagnosis and treatment improves the chance of a good prognosis (National Institutes of Health, 2010).
The occurrence of previous preoperative manifestations or manifestations of increased intracranial pressure during follow up period could be as a result of shunt complications. In our study some patients were experienced some postoperative complications including wound infection, shunt malfunction, over drainage, under drainage, lost distal catheter and subdural hematoma. Malfunctioning shunt is the most common complication of shunt caused by shunt infection or obstruction or both. Significant relation was found between wound infection and shunt infection. Shunt revisions were done for all patients with malfunctioning shunts during follow up period (6 months).
In the same line, study reported that complications of ventriculoperitoneal shunt involve complications related to the shunt system or complications reflected in overall suboptimal ventriculoperitoneal shunt function. Complications include but not limited to shunt malfunction, shunt infection, subdural hematoma, seizure and intracerebral hematoma. Shunt infection is the most common complication and has been reported to appear in a large number of patients. Shunt dysfunction can lead to increase CSF pressure, which may lead to recurrence of original adult hydrocephalus manifestations (National Institutes of Health, 2010). Shunt revisions were done for patients with malfunctioning shunts and the majority of shunt revisions occurred within the first 6 months In our study, shunt complications were found to have a negative impact on quality of life (physical and mental components plus health comparison question).
On contrary to this result, other study reported that shunt complication (shunt malfunction) was not found to have a significant impact on the overall functional outcome of patients (Khan et al., 2015) .
In our study, age of patients, type of hydrocephalus and the presence of comorbidities; diabetes or hypertension were found to have no negative impact on the quality of life of patients. Unsatisfactory level of knowledge was found for all patients (groups "A1" and "B1") at the time of assessment. This could be as a result of lack of patients` information; health care team didn`t provide patients with enough information regarding their postoperative care, home care, instructions, physical training (lower extremity strength and balance exercises and how to use a cane if needed) and how to life with ventriculoperitoneal shunt.
Patients are in essential need for information about the disease and how to life with ventriculoperitoneal shunt to improve their outcomes (University Hospital Southampton Foundation Trust, 2017; Hydrocephalus Association, 2010).
The level of patients' knowledge was improved significantly in group "B1" before discharge and after 6 months. Also, those patients adhere to instructions and lower extremity strength and balance exercises and these led to decrease length of hospital stay, significant improvement in clinical manifestations (gait and cognitive function as regarding Grading Scale of Japanese Normal Pressure Hydrocephalus), little complications and highly significant improvement in quality of life. These significant differences could explain the impact of nursing management; care, instructions and physical training of lower extremity strength and balance exercises (teaching booklet, oral education and physical training sessions) on clinical improvement of those patients.
Before discharge and after 6 months, our study results showed significant improvement in Grading Scale of Japanese Normal Pressure Hydrocephalus (gait and cognitive function) of group "B1".
In our study, quality of life of group "B1" was significantly higher than group "A1" regarding physical and mental components scores. Concerning health comparison question (health change), the majority of group "B1" showed significant health improvement while more than half of group "A1" showed significant health improvement.
Walking and balance can improve after ventriculoperitoneal shunt insertion. Physical therapy and teach patients to use a walker or cane if needed considered essential parts in improving the outcome of patients. Many patients find physical therapy helpful after surgery to improve their balance and ability to walk. Many patients can show great improvement in walking within a few weeks after ventriculoperitoneal shunt insertion when accompanied by physical training. Memory and thinking skills are often slow to recover after ventriculoperitoneal shunt insertion (Mikesell, 2017 ).
Our study supported by similar results reported that statistical and clinical significant improvements were observed in functional independence, quality of life and cognition for patients received rehabilitation training combined with ventriculoperitoneal shunt (Lehnert et al., 2011) . The improved outcome and reduced mortality and morbidity for patients with adult hydrocephalus might be explained by the improved hospital care and postoperative rehabilitation (Toma et al., 2013) .
Lower extremity strength exercises improve the outcome of patients which had been observed before discharge and during follow up period (few weeks) (Mikesell, 2017) .
Complete adherence to exercises and instructions showed significant improvements in gait, cognitive function and quality of life components than partial adherence. Exercises and instructions logbook served as a reminder and motivational track record for patients and their caregivers.
Results of (McLean et al., 2010) reported that poor adherence to the treatment plan is commonplace and affects patients` outcomes. Adherence strategy is not effective in improving long-term adherence to home exercises. Exercises logbook is an important tool for patient`s record.
LIMITATION
The level of patients' adherence to home instructions and exercises was recorded in instructions and exercises logbook and reported to researchers by the patients and their caregivers (self-reported) and not observed directly by the researchers.
CONCLUSION
Neurosurgery nurses play a vital role in ensuring positive patients` outcomes by providing nursing management that is directed at improving gait, cognition, quality of life and patients presented with no or fewer postoperative complications/ clinical presentations.
RECOMMENDATIONS
Adult patient who performed ventriculoperitoneal shunt surgery should have periodic follow up visits. Most neurosurgery nurses and neurosurgeons have not been trained to provide longitudinal care for patients with adult hydrocephalus treated by ventriculoperitoneal shunt, they should learn and train to do so.
